
WO2011/1311.31PCT/DE2011/000434 Description Apparatus for Coating
Substrates Using the EBIPVD Method The invention relates to an.
apparatus for coating substrates with a coating material using the
EB/PVD method having a crucible arrangement comprised of at least two
crucibdes disposed offset from one another in a horizontal plane,
which crucible arrangement is disposed is a frame that can be
displaced horizontally, wherein at least one shaft for accommodating
a material bar comprised of the coating material is disposed in the
frame beneath each crucible, and having at least one lifting device,
by means of which a material bar disposed in the shaft can be
inserted through the base of the crucible into crucible, in order to
be vaporized there by bombardment with an eJectron beam from an
electron gun. This type of arrangement is known. Two pairs of
crucibles are disposed symmetrically on the head of a rotating base
so that, by rotating the rotating base 180, the crucibles of the one
pair change places crosswise with the crucibles of the other pair. A
carousel having several shafts, in which material bars are
stockpiled, is situated beneath every crucible, Every material bar is
made up of several short solid cylndrical segments, Once a materiel
bar has been used up except for the last segment., said egent will
get stuck in the crucible so that the carousel under the crucible i3
able to continue to rotate unhindered until a filled carousel shaft
is again located under the crucible carousel, The lifting device
pushes the new material bar against the segment remaining in the
crucible, thereby  releasing it from being stuck. Because the
pushed-- in material must correspond to the material of the remaining
segment, a carousel is loaded with material bars Hiade of one
material. The lifting, device in the known apparatus in made of
spindle drives, which are fastened on the wall of the vacuum chamber
in which the apparatus is disposed_ Arranging a. total of four
crucibles with the associated carousels on a frame creates an
arrangement, which, particularly in the case of a large load of
material, is only able to be rotatably mounted on a vertical axis in
a large installation space. The lifting devices disposed externally
around the frame increase the installation space even more so that it
is necessary to provide a large vacuum. chamber, 



The object of the invention is creating a compact system, which also
operates in a troubae-free manner even when heavily loaded with
linterial- Therefore, to solve the problem, the invention provides
that each crucible is assigned a lifting device, which is disposed in
the frame, and that the frame can be displaced linearly in the
direction of the offset of the crucible, The advantage of the
apparatus according to the invention is that a linear guidance with
the same precision requires less installation space than a rotating
arrangement so that it is also possible to dispose the lifting
devices on the frame. They are thereby in a fazed spatial
relationship with the carousels so that a precise interaction of the
lifting device with the respectively associated carousel is ensured.
The carousels aoy now be filled with different materials for
different substrate layers. The individual layers are applied
successively, in that the frame is displaced linearly so that the
respective crucible with the material that is currently to be
vaporized is located in. an operating position, where it. can be
reached by an electron beam. Me location of the operating position is
limited because large parts of the upper side of the frame with the
crucible are located in the shadow of the substrates and their
holders. The problem of the shadow occurs because the electron gun is
able to be disposed only above a coatim.g zone, which lies above the
crucibles and in which the tc-be-coated. substrates are situated.
Because the substrates and their holders fill up the coating zone to
a large extent, only a restricted space reTnaihs for guiding the
electron beam to the crucibles, A substrate receptacle is made, e.g.,
of two elongated, horizontally running holders, on which several
substrates are held next to one another% Therefore, the electron beam
is only able to move in a vertical plane, which lies between the two
holders. Areas to the side of this plane are ih. the shadow of the
substrate receptacles. For this reason, the individual crucibles must
be pushed into the vertical plane to arrive at their operating
position so that they can be reached by the electron beam. If the
frame is moved linearly from one end position into the other end
position by a. distance correspchdihi to the offset of the crucibles
of a crucible arrangement, then the one crucible assumes the
operating position of the other crucible so that said crucible can
now be reached by the beam of the electron gun,  The crucible
arrangement is preferably one of two crucible arrangements, wherein
the crucibles of both crucible arrangements have the same offset 30
that in the operating position, material from each of the two
crucibles is able to be vaporized. 



In order to make sufficient material available without the vacuum
chamber needing to be opened, each crucible is assigned a carousel
having several shafts, wherein each carousel is rotatably mounted
around a vertical axis in the frame. A simple and compact design is
achieved if the apparatus iS disposed in a. vacuum chamber, wherein
the drive shafts for the lifting devices are fed through a wall of
the vacuum chamber an a vacuum-tight manner so that the motors for
driving the individual lifting devices are situated outside the
vacuum chamber, The motors are attached in. a Li red manner on the
vacuum chamber. So that it is possible to transmit torque to the
lifting. device in every position of the frame, every connection
between a motor amd the associated lifting device that transmits
torque has a. telescopically extendable section. In the simplest
case, the shafts are formed by cage bars arranged in a circle, which
extend between an upper and lower rotary disk. The lifting devices,
which are configured as spindle drives, each haye a laterally
projecting extension, which engages in the associated shaft formed by
cede bars.  In order to be able to switch between the shafts of a
frame, a feed sleeve is disposed on the upper side of the frame for
each crucible, through which a material bar can be inserted through
the crucible base into the crucible. Each feed sleeve is equipped
with a clamping device for holding the material bar in the feed
sleeve. The invention will be explained in more detail in the
following on the basis of an exemplary embodiment. The drawings showx
Fig. 1 A geer.a.1 view of the apparatus:, in which a frame with
crucibles is situated in a. forward position, and Fig. 2 1A. general
view of the sa-, apparatus, in which the frame with crucibles is
situated in a rear position. 



The arrangement according to the invention is made up of a frame 1.
having a rectangular framework structure, which is disposed between
two frame structures 2 so that it is linearly movable in the
direction of the double arrbw, Each frame structure is made up of a
vertical bar 3, which is fastened over its length to a door (not
shown here) of a vacuum chamber 4, and a crossbar 5, which sticks out
from the door horizontally, and a. support bar 6 that runs diagonally
between the vertical. bar 3 and the crossbar S. There is a guide rail
7 on the upper side of the crossbar 5. Two plates 8, 9 are screwed
onto the upper side of the frame 1, on each of which a front and a
rear guide sleeve 10, 11 are fastened, Front and rear crucibles (not
shown in further detail here) for accommodating the material to be
vaporizeb are situated on the guide sleeves 10, 11. Said material is
inserted in the form of bars through the guide sleeves 10, 11. and
through. the base of the associated crucible from below into the
crucible. A  front and a. rear crucible each form a crucible
arrangement, wherein the crucibles of a crucible arrangement may he
respectively loaded with different materials. There is a condensation
hood (not shown here) above the crucibles, which is likewise fastened
to the door ;not shown here) of the vacii,m1 chamber, The
condensation hood encloses a coating zone, in which the substrates
are disposed on rotatable holders, which are also net shown in this
came. The rotatable holders allow the substrates to rotate in a cloud
of vapor so that they are coated on all noes. Situated inside the
frame 1, which is shown clear.; in.          beneath evbry guide
sleeve 10carousel 12 haying several shafts 13, in which the
to-be-vaporized material is stockpilmd in the form of material bars,
The shafts 13 are disposed concentrically to a vertical axis 14 so
that a shaft 13 of a frame 1 is always able to be placed under the
respective associated guide sleeve 10, 11 or crucibles. The carousels
12 are each made up of an upper and a lower rotary disk. 15, 16,
between which cage bars 1.7 limiting the shafts 13 are disposed.
Every gu ie sleevelateral opening 16, in 



which a cla  piece 19 can be inserted by means of a linear drive 20,
This makes it possible to clamp a materiel bar in the guide sleeve
10, 11,  - 7 - Situated in the side regions of the frame 1 are four
lifting devices 22 (two on each side), which can be moved with the
frame 1 and are respectively assigned to a carousel 12. Because both
the carousels 12 as well as the lifting devices 21 are disposed on
the frame 1, their spatial allocation is unchanged so that the
lifting devices 21 are able to engage precisely in the shafts 13 to
lift the material bars present there. In order to be able to move the
frame 1 back and forth, said frame has rollers on the upper edges,
which are not shown in further detail here and which engage in the
guide rails 7. The force for displacing the frame 1 is generated by a
motor 22, which is fastened to the outside of a door of the vacuum
chamber 4 and is connected to a spindle drive 23 that is fastened to
the frame I, The lifting devices are also spindle drives, which are
individually driven via other motors 24. These motors 24 are likewise
attached externally on the door and are connected to the lifting
devices 21 via several drive shafts 25 and diverters 26. 3o that the
frame 1 is able to be moved with respect to the fired motors 24, a
drive shaft is respectively configured as a telescopic shaft 27,
which connects directly to the respective motor 24 via cardan joints
28.       1 shows the frame I in a rear position, i.e., away from the
door, and Fig. 2 shows the frame 1 in a front. position, i.e., near
the door, In the position depicted. in Fig. 1, the two rear guide
sleeves 11 and therefore the associated rear crucibles are situated
in the operating positions,  In position of the frame near the door
that is depicted in Fig. 2, the front crucibles are situated in the
same operating position. The crucibles, which are respectively
situatedthe 



operating positions, are able to be reached by the electron beams of
the electron (inns, which are situated above the :frame structure.
The substrates are now able to be coated layer- with two different
materials, which are each stockpiled in the carousels 12 for the
front or rear crucibles. When changing to the next layer that is made
of another material than the preceding one the frame 1 is moved from
the one position into the other end position so that the crucibles
are situated in the operating position with the material that is now
required. The arrangement of two pairs of crucibles is necessary in
order to create an extensive cloud of vapor in the coating zone in
which a. plurality of small substrates, e.g., turbine blades, is able
to be coated simultaneously.  Reference N 1Frame 2Frame structure 



3Vertical bar Vacuum chanber Crossbar 6Support bar Guide rail Plate
Plate 10Front guides leeves 11Rear guide sleeves 12Carousel 13Shafts 



14Vertical axis 25Upper rotary disk 16Lower rotary disk 17Cage bars
12Opening 19Clamp pieces 20Lineaa Lifting de L 22Motor 23Spindle
drive 



24.Motors 25Drive shafts 26Divsrter 27Telescopic shafts 28Carden
joints  PateRtebims Apparatus for coating substrates with a floating
material using the EB/PVI, method bcdfing a crucible arrangement
comprised of at least two crucibles disposed offset from one another
in a hcrizontai plane, which crucible arrangement is disposed in a
frame (1) that can be displaced horizontally, wherein at least one
shaft (13) for accommodating a material bar =prised of the coating
material is disposed in. the frame (1) beneath each crucible, and
having at least one lifting device (21), by means of which a
material. bar disposed in the shaft.  (13) can be inserted through
the base of the crucible into the crucible, in order to be vaporized
there by bombardment with an electron beam fron an electron gun,
characterized in that each crucibi.e is assigned one lifting device
(21), which is disposed in the frame (1), and that the frame (1) can
be displaced linearly in the direcnion of the offset of the crucibles
linear, 



Apparatns according to Claim le characterized. in that the crucible,
arrangement is one of two crucible arrangements, wherein the
crucibles of both crucible arrangaments have the same offset)
Apparatus according to Claim i or 2e characterized in that each
crucible is assigned a carousel. 0.2) haying several shafts (13),
wheremn. each carousel (12) 43 rotatably mounted around a vertical
a..His  (14) in the frame (1). 4,Apparatus according to one of Claims
1 to 3, characterized. in that the apparatus is disposed in a vacuum
chamber (4) and that drive shafts (2:3) for the lifting devices (2.1)
are fed through a wall of the vacuum chamber (4) in a vacuum-tight
manner so  that the motors (24) for driving the individual lifting
devices (21) are situated outside the vacuum chamber (4), 5,
Apparatus according. to Claim 4, characterized in that every
connection between the motors and the lifting devices that transmits
a torque has a. telescopically eztendable section, 6, Apparatus
according to Claim 3, characterized in that the shafts (13) are
formed by cage bars (17) arranged An a circle, which extend between
an upper and a lower rotary disk (15, 16), 



7.Apparatus according to Claim 6, characterized in that the lifting
devices (21), which are configured as spindle drives, each have a
laterally projecting extension, which. endages an the shaft (13)
formed by the cage bars (17). Apparatus according to one of the
preceding claims, characterized in that a feed sleeve (10, 11) is
disposed on the upper side of the frame (1) for each crucible,
through which a material bar can be inserted through. the crucible
base Mto the crucible, and that each feed sleeve (10, 11) is equipped
with a clamping device for holding the material bar in the feed
sleeve (10, 11), 


